REPORT DOCUMENTATION PAGE Form Approve

QM8 No. 07040138

Mt POOCTNG TRATOA * Tt (O rechioN OF (AFITRANON 1t TILAMLEY [0 Jver BGE ¥ “3ur DEC (ELA0NMIM, 1ACLGI M) LT UMe 1L/ “@v-awtifg «mROTUCTONT, S€8<Ning eenmy,
JATENAG A Rislarareg (A 4408 reTSed mcmnq G A AQ TR COLPCIION Tf snformauon. verd COMMENT ro5a6QIng L9 e e ar i ,r’n: 2408 Wt e,
T eroOn of —«m ATTUGRe] NI UGS OF 1 6QUGAY Tiel WTEN, (G WU SIDN “eadquarten bervuvr, e e ‘or (TS Menion SORF IO ond IM 121, ..o:.-‘,:,.:

University of Arkansas

120 Ozark Hall Ol \

Fayetteville, AR 72701

WSOMGIMONWORLNG AGENCY NAME(S) AND ADORESS(ES) 10 SPOHSOIIRQI Pyeece.
A:Lr Force Office of Scientific Research "'/Vt NUMaEn
110 Duncan Avenue, Suite Bll5 >

Bolling AFB, DC 20332-0001

O vn Agiraay, Sarte 1504, AmATOn. v A I.Joj.u.nz 471 %0 1ne GHite 0f Management 3ad 314qqe, 7 romewont 140N Joniact 107040 131 Waaningean, OC 1343).
1. AGENCY UST SRLY (Lgave dark) | 2. REPORT DATE 1. REPORT TYPE ANO DATES COVERED
12/18/95 FINAL REPORT _ 8/1/92 - 7/31/95

4 TTTLE AND SUBTITLL 5. FUNOING NUMAERS —
Femtosecond Transport and Space-Charge Field Formation

in Semiconductors Using the Photorefraction Effect F48620-92-J-0452DEF
% AUTHOA(S) bllo2F~
Gregory J. Salamo 1305/5
P :

1. ARPORMING CAGANIZANION NAME(S) AND ADCRESS(ES) C o TTS by
Board of Trustees AFOSR-TR-9g TaneN

11, SUPPLIMINTARY NQTES

19960221 002

mm 200 words) -

During the project we put together and developed a titanium:sapphire mode-locked laser. The output of the
laser was characterized as optical pulses between 100 to 200 femtoseconds in duration. The laser was tunable
between 900 nanometers and 1000 nanometers. This tuning range is ideal for studies on indium phosphide. The laser
could also be operated in the continuous wave mode.

In addition to building and characterizing the laser we used the laser to carry out an investigation of the
photorefractwe behavior of indium phosphide. In particular, we characterized the two wave mixing gain. We found
the gain to display an intensity dependent resonance. That is, as predicted by theory, we found the gain to peak at
a given intensity. Also, as predicted by theory, we found the relative phase between the intensity spatial pattern and
the space-charge field spatial pattern to depend on the intensity. In particular, our measurements demonstrated, for
the first time, that the relative phase was 0 degrees for low intensities, that it was 90 degrees at intensity for which
the gain peaked and that it was near 180 degrees for high intensities.

As a result of our work it is clear that the photorefractive model for indium phosphide is accurate and that
it can be used to determine the sign of the photocarrier, drift length, diffusion length, mobility, and dopant

concentration.
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FINAL TECHNICAL REPORT

TITLE: FEMTOSECOND TRANSPORT AND SPACE-CHARGE FIELD
FORMATION IN SEMICONDUCTORS USING THE
PHOTOREFRACTIVE EFFECT

Award No. F49620 -92—J0452DEF
OBJECTIVE

The object of the research was to develop a Ti-Sapphire laser which would then be
used to investigate the photorefractive properties of InP grown at Hanscom Air Force Base.
RESEARCH RESULTS

During the project we developed a physical understanding and demonstrated some
of the unusual aspects of photorefraction in InP.

At the start of the project we developed a cw-niode-locked Ti-Sapphire laser which
was tunable in the 900 nanometer to 1000 nanometer range. We used the Ti-Sapphire laser
to examine two-wave mixing in InP using both the c.w. operation and the mode-locked
operation of the laser. We found, as predicted, that the two-wave coupling gain displayed
an intensity dependent resonance. This resonance was independent of whether the laser
was operated in the c.w. mode or in the femtosecond mode. The peak in gain depended
only on the average intensity.

In addition to the intensity dependent gain we also investigated the relative phase
between the intensity spatial pattern and the index spatial pattern. We observed the phase to
vary from O degrees below the resonant intensity, to react 90 degrees at the resonant
intensity, and to move to 180 degrees above the resonant intensity.

Different techniques can be used to measure the phase shift between the intensity
pattern and the index pattern. In the method used here, the phase shift is determined

experimentally by measuring the gain and the diffraction efficiency in a TWM experiment.



For our experiment the grating vector was oriented along <001> and the optical beams
propagated along <110> and were polarized along < 100> (figure 1)

The TWM gain I" is proportional to the imaginary part of the space charge fields:

Im(El(z)) . Wlth 6 = 27'[1’1?)1'41

r=s m(z) ’ }\0 cos(@) (1)

Where n,, is the refractive index, 1, is the electro-optic coefficient and 0 is the Bragg angle

inside the crystal.

A grating index created by TWM inside a crystal with a length L has a diffraction
efficiency given by:

—sm{ JImE( +Re(E(z))

@)
Therefore the relative phase shift ¢ can be calculated from:
( @) FJm(z)dz
sin(p) = = -
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Where f is the pump to signal ratio at the entrance face.
Experimentally, the gain I' is found from the TWM signal amplification. To
measure the diffraction efficiency n, the diffracted part of the pump in the signal direction is

measured during the TWM experiment by switching off the signal beam. The decay time

for the photorefractive index grating with only the pump beam on is around 50 ms for an

intensity of 100 mW/cm®. Therefore, a shutter speed of 500 us was used to switch off the

signal beam while a digital oscilloscope acquired the diffracted signal from the pump beam.



To limit the intensity variation and consequently the phase variation along the crystal due to
absorption, a thin 1.7 mm long crystal was used in the experiment. In this case, we can
assume that the phase shift was constant throughout the sample. The temperature of the

sample was stabilized to 273 K with peltier coolers and a 12 kV/cm d.c. electric field was

applied in the <100> direction. The measurement was taken using 1.02 um wavelength

light from a Tunable Ti-Sapphire laser. The results of the relative phase and the gain as a
function of total intensity are shown in figure 2. The sample exhibits a sharp resonance
with a maximum gain greater than 10 cm™!, As predicted the phase shift varies from 0 to

near 180 degrees as a function of intensity and reaches a value of 90 degrees at the

resonance intensity. Since the measurement determines only sin (), it is not possible to
differentiate a phase angle of o from a phase angle of (180-a). To fit the experimental

points numerous parameters such as ny, Py, 0, and ¢, are needed but good qualitative

agreement is found between the theoretical curve of figure 3 and the measurements of
figure 2.

In conclusion, we have demonstrated experimentally that the phase shift between
the index grating and the illumination grating for TWM experiments in InP:Fe with a d.c.
applied field is strongly intensity dependent. The phase shift is 0 degree for low intensity,
then increases to 90 degrees at the resonance intensity and reaches 180 degrees for high
intensity. This result gives further credibility to the Picoli model. We are submitting these

results to Optics Letters for publication.
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